Introduction
Hippocampal sclerosis (HS) is the most common pathological feature identified in patients with refractory mesial temporal lobe epilepsy (mTLE) who undergo surgery. Development of HS is multifactorial, and etiologically may occur secondary to various conditions, including prolonged febrile seizures, head trauma, and infection. Histopathologically, HS is characterized by segmental loss of pyramidal neurons in the CA subfields and granule cell loss in the dentate gyrus.
In 2008, three cases of HS with balloon cells, a pathognomonic cellular feature of focal cortical dysplasia (FCD) type IIB, 1 were reported. 2, 3 However, the significance of these cells in the histogenesis of HS and their association with the clinical features are not well understood. Recently, we had the opportunity of examining another example of this rare condition. Here we report the surgical pathologic features of the hippocampus resected from a patient with mTLE and a precipitating history of non-herpetic acute limbic encephalitis (NHALE).
Case report
The patient, a 32-year-old woman, had no history of perinatal problems or febrile convulsion. There was also no family history of neurological diseases or episodes of epileptic seizures. At the age of 19 years, she had developed NHALE and suffered repeated generalized tonic-clonic seizures. A brain magnetic resonance imaging (MRI) study revealed swelling of the bilateral medial temporal lobes. In serum samples, antibodies against herpes simplex virus were undetectable. A lumbar puncture disclosed an elevated cell count (103/mL, predominantly monocytes), and a normal protein content (41 mg/dL). PCR to detect herpes simplex virus DNA in the spinal fluid gave a negative result. Anti-epileptic medication, including carbamazepine and phenobarbital, was started, but the seizures were refractory to the drugs. Six weeks later, the patient was discharged from the hospital, and then followed up on an outpatient basis. A psychometric test performed at the age of 31 years revealed low IQ and memory disturbance. Interictal scalp electroencephalography (EEG) demonstrated rhythmic sharp discharges over the bilateral frontal and anterior temporal regions. Upon ictal EEG, the left cheek electrode detected secondary generalized 7-9-Hz rhythmic sharp wave bursts. A MRI study demonstrated bilateral, but left-predominant hippocampal atrophy (Fig. 1A, B) .
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I-iomazenil-single photon emission computed tomography (IMZ-SPECT) with Focus Viewer software (Nihon Medi-Physics, Tokyo, Japan) demonstrated lower accumulation in the left temporal lobe (Fig. 1C, D) . The patient was diagnosed as having left mTLE with HS, and underwent left anterior temporal lobectomy and amygdalohippocampectomy. The postoperative course was uneventful, and the patient displayed no neurological deficit. She has since been seizure-free for more than 1 year.
The surgical specimens were examined histopathologically ( The presence of balloon cells, a pathognomonic cellular feature of focal cortical dysplasia type IIB, in a background of hippocampal sclerosis is rare. Here we report the surgical pathologic features of the hippocampus resected from a 32-year-old woman with mesial temporal lobe epilepsy and a precipitating history of non-herpetic acute limbic encephalitis. Histologically, the resected specimen showed features of hippocampal sclerosis with granule cell dispersion. Characteristically, many balloon cells, immunoreactive for nestin, vimentin, glial fibrillary acidic protein (GFAP), GFAP-delta and CD34, were observed in the molecular and granule cell layers of the dentate gyrus. In the present case hippocampal sclerosis was an apparently acquired alteration, rather than a result of maldevelopment. The appearance of balloon cells raises questions regarding their origin and morphogenesis. ß 2010 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved. hippocampal sclerosis ( Fig. 2A) corresponding to MTS type 1a of the Blü mcke classification system 4 and grade IV of the Watson grading system, 5 with severe neuron loss in subfields CA1 and CA4
and moderate neuron loss in CA3 with relative sparing of CA2. However, the hilar region exhibited atypical tissue rarefaction (Fig. 2B ). The granule cell layer showed marked neuron loss and dispersion (Fig. 2C) . Neurons showing large, atypical alterations, resembling dysmorphic neurons, 1 were seen in the dentate gyrus (Fig. 2D) . Characteristically, many balloon cells with abundant eosinophilic cytoplasm (Fig. 2E, F) were observed in both the molecular and granule cell layers of the dentate gyrus. Immunohistochemically, the cytoplasm of almost all the BCs was labeled weakly with an antibody against nestin (Fig. 2G ). They were also labeled intensely with antibodies against vimentin (Fig. 2H) , glial fibrillary acidic protein (GFAP: Fig. 2I ) and GFAP-delta (Fig. 2J ), but were unlabeled with an antibody against neurofilaments (Fig. 2K) . The peripheral cytoplasmic rim of balloon cells showed radiating or fine linear labeling for CD34 (Fig. 2L) . No balloon cells or dysmorphic neurons were observed in any of the CA subfields, amygdala, or temporal neocortex and underlying white matter. In the amygdala, diffuse gliosis was observed, but neuron loss was unremarkable (Fig. 2M ). There was no significant degree of infiltration of CD45R0-labeled T-lymphocytes, or Iba-1-labeling of microglia (data not shown). Furthermore, no cytoarchitectural abnormalities were evident in the cortex.
Discussion
A characteristic, clinical feature of the present patient was her history of NHALE, an autoimmune condition commonly developing in adolescent or adult females, 6 as a presumed cause of mTLE and HS. It has been reported that a subpopulation of patients (27%) with limbic encephalitis (LE) later suffered from mTLE. A neuroimaging study of LE/mTLE patients has indicated that a large proportion (87%) showed HS, which was detected bilaterally but asymmetrically in approximately half of them, 7 being consistent with the findings in the present patient (Fig. 1) . Therefore, it appeared that the present patient had acquired HS during her adult life, and that the condition was not attributable to maldevelopment. Accordingly, it seems unlikely that the balloon cells were a direct indicator of malformation as an etiological factor of HS. Although the possibility that NHALE occurred in an intrinsically maldeveloped hippocampus cannot be excluded, it also seems unlikely that the balloon cells appeared in association with NHALE, as previous histopathological evaluations of LE/mTLE lesions in the active phase have demonstrated hippocampal neuron loss, microglial reaction, and T-lymphocyte infiltration, 6, 7 without evidence of balloon cell-like changes. In the present case, we detected no significant microglial reaction or lymphocyte infiltration, presumably reflecting the long period between the NHALE and surgery. The clinico-pathologic features of the present patient partly differed from those of the three cases of HS with balloon cells reported previously. 2, 3 One of the patients was a 39-year-old woman with typical epileptic amnesic syndrome, 2 and the other two were also adults at the time of surgery, who had suffered from epilepsy since the ages of 7 and 12 years without any initial precipitating incidents. 3 In the former case, 2 the balloon cells were distributed in both the CA4 subfield and granule cell layer, and were immunonegative for CD34 and vimentin, thus differing in their distribution and immunohistochemical profiles from the balloon cells in the present case. In the latter cases, 3 the balloon cells were present in the markedly dispersed granule cell layer, and were immunopositive for vimentin, GFAP, and GFAP-delta. Furthermore, they showed immunopositivity for CD34 at the peripheral border of the cytoplasm. These features were consistent with those of the present case (Fig. 2) . In the present case, the hilar region showed tissue rarefaction (Fig. 2B) 3 Thus, the present and previous cases might shared certain common mechanisms, with induction of balloon cell change in the dentate gyrus and tissue rarefaction in the hilus. A similar CD34 staining pattern at the cytoplasmic border of balloon cells in FCD type IIB has been reported. 8 This profile was interpreted as representing abnormal differentiation of stem cells. However, the present case appears to raise questions regarding the cellular regulation of protein in hippocampal lesions associated with epilepsy. Other aspects of the immunohistochemical profile of the balloon cells in the present case, including reactivity for vimentin, GFAP, and nestin, were similar to those observed in the balloon cells in FCD type IIB. 9 In cases of FCD type IIB, cells with such profiles may represent abnormal development and differentiation of neural stem cells. 9 However, in the present case the precise pathomechanisms underlying the formation of balloon cells were unclear. It is well known that the dentate gyrus is the specific anatomical region responsible for persistent neurogenesis in the adult mammalian brain. 10 However, it remains a controversial issue whether epileptic seizures have an effect on, or even increase, hippocampal neurogenesis in humans. 11 Therefore, it is unclear whether the balloon cells in the present case were a consequence of adult neurogenesis and aberrant neuronal differentiation. Further studies will be needed to clarify the significance of these cells.
